Rice-wheat system provides food, income, and employment to over 83 % of the people and contributes to national food security in Nepal. Sustainability of the system is under threat because of increasing cultivation cost and declining soil fertility. On-farm experiments were carried out to determine the effects of tillage and crop establishment methods, crop residue management, and nitrogen levels that affect soil attributes and productivity of the rice-wheat system during 2010-2011at Bara, Nepal. The treatment consisted of three tillage and crop establishment methods viz. Conventional tillage (CT), Permanent bed planting (PB), and Zero-tillage (ZT); two residue management levels viz. Residue retention and Residue removal; and three nitrogen levels viz. Zero nitrogen, farmer's dose (80 and 100 kgha -1 N for rice and wheat, respectively), and abundant nitrogen (120 kgha -1 N for both rice and wheat crop). The experiments were laid out in strip-split plot design with three replications. The research results revealed that rice grain yield was significantly higher in the plots receiving N level as applied by farmers that was similar to abundant nitrogen dose. Wheat grain yield was significantly higher with zero tillage compared to permanent bed planting and conventional tillage. Significantly higher wheat grain yield was also obtained due to abundant nitrogen dose than zero dose nitrogen which was similar to farmers' dose of N as well. There was no significant difference in grain yield of rice and wheat due to residue retention, although, it improved soil moisture. In wheat crop, zero-till planting and increased nitrogen application conserved soil moisture, enhanced soil electrical conductivity and lowered soil temperature. It can be concluded that rice and wheat can be grown successfully with zero tillage and farmer's nitrogen dose without any yield penalty.
Introduction
Rice and wheat occupy 1.5 and 0.76 Million ha, respectively and are grown in succession on more than 0.56 Million ha which accounts 37 % of the rice and 85 % of wheat area in Nepal (Tripathi et al., 2002) . Rice-Wheat-System, one of the principle cropping systems in Nepal, occupies one-fourth of the total cropped area and provides food, income and employment to 83 % of the Nepalese populace. Thus, the rice-wheat system is of great importance in assuring food security and enhancing livelihood of the Nepalese people. Rice-wheat system is largely practiced on low land ecosystem where heavier soil texture, excessive soil moisture, and late rice harvest lead to higher production cost and delays in wheat planting. The traditional method of wheat establishment involves excessive tillage which is painstaking, time and energy consuming that further leads to poor plant stand and late planting (Giri, 1997; Hobbs et al., 1997; Tripathi, 2002) .The turn-around time in rice-wheat system is 15-20 days or longer for heavy soils. With tillage, soil is opened up and made loose, and the carbon dioxide is allowed to escape into the atmosphere (Giri, 1997) . Globally, agriculture and intensive tillage have caused between 30 and 50% decrease in soil carbon since many soils were brought into cultivation over 100 years ago (Schlesinger, 1985) . Plant stover is a major source of C input into the soil system and plays a very vital role as nourishment for the soil microbial population . The management of crop residues and soil organic matter is of primary importance in maintaining soil fertility and productivity . After rice harvest, significant crop residues (1.5-2.0 tons per hectare) are left in the field, farmers resort them to have good seedbed and employ excessive tillage resulting into high cost of cultivation, accelerated soil erosion and cause compactness of sub-soil i.e. formation of plow-pan (Regmi, 1997) that restricts the percolation of water causing temporary water-logging and restricted root penetration and growth for following crops after rice. While, rice is traditionally grown by transplanting 4-6 week old seedlings onto puddled fields which is costly and cumbersome. At the same time, nearly 20-25 % of the total water (1400 -1600 mm) used in rice culture is consumed mainly in puddling and transplanting operations. Similarly, continued puddling over decades has led to deterioration in soil physical properties through structural breakdown of soil aggregates and capillary pores and clay dispersion. Transplanting operation has an element of seasonality and is becoming a serious concern for the timely transplanting of rice and maintaining an optimally sufficient plant population. Because of the labor shortage at the peak transplanting period, farmers are forced to transplant seedlings at lesser than the optimal age (Giri, 1997) . Inefficient N use contributes to greater use of energy resources, increased production cost, and possible pollution of water by nitrates (Sharpe et. al., 1988) . In these situations, wheat seeding and direct seeded rice by zero-till drill and bed planter provide the alternative options for timely crop establishment with substantial savings in production cost and irrigation water in addition to lowered drudgery and environmental protection. Residue retention in situ conserves soil moisture, enhance soil organic carbon and N efficiency (Hobbs and Gupta 2000) .
Material and methods
The on-farm experiments were conducted during Kharif (summer) and Rabi (winter) seasons, 2010/11 at Pheta VDC, Bara, Nepal. The experiment, designed under strip-split-plot design, consisted of three replications with three factors.
(a) Tillage and crop establishment (TCE) methods. (i) Conventional Tillage (CT). puddling and rice seedlings transplanting and land preparation followed by wheat seed broadcasting, (ii) Permanent Bed planting (PB). beds formation and direct seeding of rice on them and beds reshaping followed by wheat seed drilling, (iii) Zero-till planting (ZT). land preparation and direct seeding of rice on flat and wheat seed drilling on untilled soil Conventional tillage. For rice planting, plots were plowed with a tractor drawn cultivator once (double pass), and puddling and planking were done before transplanting. Two to three seedlings were transplanted manually. For wheat, the plots were plowed twice (two passes each time) with a tractor-drawn 9-tine tiller, about 20 cm deep, followed by wooden planking. Seed @ 120 kgha -1 and basal fertilizers were separately broadcast on the tilled soil surface followed by shallow (7-10 cm) seed and soil manipulation (single pass) with the tiller and wooden planking.
Zero-till planting. Before rice establishment, the field was well plowed and planked. Rice seed was drilled @ 30 kgha -1 , 3 cm deep, with the zero-till seed drill (inclined plate). For wheat crop establishment, without soil tilling, the seed @120 kgha -1 was drilled with the zero-till seed-cumfertilizer drill machine, drawn with a tractor. In a pass, the drill machine planted seed in 9 rows, 20 cm apart and 5 cm deep. After seed drilling, basal fertilizers were manually broadcast followed by light planking, drawn with a tractor.
Permanent Bed planting. The beds were formed with a bed former for rice experimentation. Rice seed @30 kgha -1 was drilled in two rows on each bed. The beds were reshaped before wheat planting with the bed former attached to the Furrow Irrigated Raised Bed (FIRB) seed drill. After reshaping, the cross-section of the beds was 67.5 cm (bottom) X 30 cm (top) X 30 cm (depth). On the beds, two rows wheat seeds were drilled, 20 cm apart. Two beds were drilled in a pass of the drill and tractor. Seed drilling depth of 3 cm and 5 cm, for rice and wheat, respectively, was controlled with the depth control wheels provided on the drill machine. Basal fertilizers were manually broadcast on the bed tops.
Irrigation application. The experimental plots were irrigated from a shallow tube-well through an electric motor-pump. The lifted water was conveyed to the individual plot through a 10 cm diameter poly-ethene pipe. The mean discharge rate of the pump was 5 lit/sec. Two irrigations were applied to both the crops. For wheat crop, first irrigation was applied at the crown root initiation stage (22 DAS) and second on 53 DAS. While, irrigating in the furrows of the beds, water was applied below 5 cm of bed-top, in both the crops.
Rainfall recording. At the experimental site, a rain-gauge was installed. During the crop cycles, rainfall data were recorded daily at 8 a.m. During rice season, total rainfall 513.8 mm; and during wheat 25 mm were received in two spells (69 and 108 DAS).
Herbicide application. For rice crop, pre-emergence herbicide, Pendemethalin was sprayed @ 3.3 litha -1 , two days after seed drilling. A mixture of 2, 4-D and Isoproturone @ 900 gha -1 each, was sprayed on 34 DAS, with a knap-sack sprayer.
Soil moisture content, pore-water electrical conductivity, and soil temperature. Soil moisture (%), pore-water conductivity (mS.m -1 ), and soil temperature ( 0 C), during the wheat crop cycle, were recorded with the WET Sensor (HH-2), on 6, 29, 40, 48, 58, and 68 DAS. The WET Sensor, records the above three parameters in the root zone directly in 5 sec. For that, the sensor probe with three rods, was gently inserted into the top soil surface. Pressing the button on the WET Sensor, with thumb, displayed soil moisture (%) and was recorded, again the button was pressed, and the displayed value of soil electrical conductivity was recorded. This way pressing the button again, the displayed value of soil temperature ( 0 C) was recorded. Thus, 5 samples were randomly recorded, in each plot and the mean values of the above parameters were computed.
Crop sampling. At crop maturity, crop samples (10 m 2 for ZT and CT, and 13.5 m 2 for PB) for both the crops, were harvested. Wheat crop samples were harvested on 127 DAS. Samples were weighed, threshed, and cleaned. Grain moisture of individual plot was recorded. Thus, rice grain yields (at 14 % m. c.) and wheat grain yields (at 12 % m. c.) were computed. Straw yields were calculated. Data were analyzed by Genstat 5.
Results and discussions
Grain yield. The grain yields of rice were not significant with tillage and crop establishment methods and residue management but differed significantly with nitrogen doses. The plots receiving farmer's N-dose (80 kgha -1 ) and abundant N-dose (120 kgha -1
) produced statistically at par grain yields, but, significantly higher than zero-nitrogen application. The wheat grain yields were significantly influenced by tillage and crop establishment methods and nitrogen levels, but, not by residue management (Table 1) . Zero-till wheat produced significantly higher grain yield (2777 kgha ) and farmer's N-dose (80 kgha -1 ) produced statistically similar wheat grain yields, but, significantly higher than zero-N application. The higher wheat grain yield was due to higher soil moisture conservation at reproductive stage of the crop (Table 2 ), higher pore-water electrical conductivity (Table 3) , and lower soil and canopy temperature (Tables 4 & 5) with zerotillage than conventional tillage. Application of residues had positive effect on yield advantages, though small, in rice, but, adverse in wheat. It is obvious that the effect of residues was not stable in second crop cycle. Conversion from conventional tillage to reduced till systems with residue retention may require several crop cycles before potential advantages/disadvantages begin to become apparent (Phillips and Phillips, 1984; . Note. NS, Not significant, * F-value significant at 5 % level of significance, ** and 1% level of significance
The other reasons for higher grain yield with ZT compared to CT might be most probably due to higher tiller numbers per unit area, higher thousand grain weight, lower weed pressure, and lower foliar blight. The reasons for lower grain yield with residue retention could be most probably due to partial utilization of residual/applied amendments by rice stubbles and soil microbial activities in early stage and light shading effect by rice stubbles (40 cm length).
Harvested straw yield. The harvested rice straw yields with tillage and crop establishment methods were not significant, while, they differed significantly with residues retention and nitrogen levels. Residues removal produced significantly higher harvested straw yield of rice (6797 kgha -1 ) compared to residue retention (2803 kgha -1 ). Abundant N-dose (120 kgha -1 ) and farmer's N-doze (80 kgha -1 ) showed statistically similar harvested rice straw yields, but, significantly higher than zero-N application. The wheat harvested straw yields were significantly influenced by tillage and crop establishment methods, residue management, and nitrogen levels. The wheat harvested straw yields with abundant nitrogen (120 kgha -1 ) and farmer's nitrogen dose (100 kgha -1 ) were at par statistically, but, were significantly higher than zero-N application. The harvested wheat straw yields were 2846, 2737, and 2299 kgha -1 with zero tillage, conventional tillage, and permanent bed planting, respectively (Table 1) . The harvested straw yields of rice and wheat were lower with residues retention than residues removal as 40 cm stubbles were left in first case.
Soil moisture content. During wheat season, the effect of TCE methods on root-zone moisture varied highly significantly to not significantly (Table 2) . Soil moisture in tilled soil was found lower because of higher and faster evaporation loss. Soil moisture was lower in CT (19.05 %) compared to PB (24.79 %) and ZT (23.15 %) on 6 DAS. But, on 29 and 48 DAS, soil moisture was higher in CT compared to PB and ZT because of higher irrigation water application (900 m 3 ha -1) in CT compared to ZT (520 m 3 ha -1 ) and PB (370.8 m 3 ha -1 ) at first irrigation on 22 DAS. But, in all three TCE methods, soil moistures were found in descending order as time elapsed. Second irrigation was applied on 52 DAS. Likewise, soil moistures were lower in CT compared to PB and ZT on 58 and 68 DAS. Residues retention showed higher soil moisture compared to residue removal on each observation date. Thus, residues retention lowered evaporation loss from the ground surface showing higher soil moisture. Pore-water electrical conductivity. On all observation dates, pore-water electrical conductivity (mS.m -1 ) was the highest for PB followed by ZT and the lowest with CT (Table 3) . For all TCE methods, soil electrical conductivities were in ascending order up to 40 DAS, after that they were in descending order up to 58 DAS, then again rose on 68 DAS, because precipitation of 17 mm was received on 68 DAS. The soil electrical conductivities varied highly significantly to not significant on the six observation dates for the tillage methods. The soil electrical conductivity was the lowest with CT (of 68.1 mS.m -1 ) on 6 DAS, while, it was the highest with PB (of 173.7 mS.m -1 ) on 40 DAS. It is obvious that pore-water electrical conductivities were higher, in small magnitude, with residue retention compared to residue removal, on all observation dates. Also, pore-water electrical conductivities enhanced with increased N applications at all the observation dates, but significantly, at 29, 40, 48, and 68 DAS. Note. NS, Not significant, * F-value significant at 5 % level of significance, ** and 1% level of significance Soil temperature. Soil temperature varied highly significantly, significantly, and not significantly for TCE methods on the observation dates (Table 4) . It was the highest with CT followed by PB and the lowest with ZT on 48, and 58 DAS. For the TCE methods, soil temperature increased from 29 DAS up to 58 DAS as first irrigation was applied on 22 DAS. Soil temperatures for TCE methods lowered on 29 and 68 DAS compared to previous observation dates because of first irrigation at 22 DAS and rainfall on 68 DAS . At all the observation dates, soil temperatures were lower with residue retention compared to residue removal. It is obvious that residue retention keeps soil cooler. 
